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   PERFORMANCE OF GC-MS ANALYSIS FOR 
DIFFERENTIATION OF VARIOUS TYPES OF 
FLOUR BY CREATING DENDROGRAM OF 
LIPOSOLUBLE EXTRACT 
Gas chromatography with mass spectrometry was used for performing a 
qualitative analysis of liposoluble flour extract made of different types of small 
grains (bread wheat, barley and triticale). The results show that the dominant 
methyl-esters of fatty acids composition is same for all samples, but the per 
centage of their representation in various types of small grains is different. The 
transesterification reagent was TMSH (trimethylsulfonium hydroxide, 0.2 M in 
methanol). In the transesterification reaction, the fatty acids from acylglycerol 
esterified to methyl-esters. In all the analysed extracts, methyl linoleate pre-
dominated, followed by methyl palmitate, methyl oleate and methyl stearate in 
decreasing order. The following cluster analysis was used for the comparison 
of the liposoluble flour extracts to different types of small grains. 
Keywords: small grains; GC-MS; correlations of liposoluble composi-
tion. 
 
 
Small grains of high quality have been dominant 
on the world market in the last decade. An improved 
potential for yield and quality in the breeding-
production-processing triangle would create precon-
ditions for even more successful marketing of our 
seed, both on local and foreign markets. Special im-
portance is given to the improvement of yield and 
quality potential of alternative small grains due to their 
constant demand and shortage on the world market. 
Additionally, an important fact is that prices of alter-
native small grains are in comparison to the bread 
wheat increasing by up to 25%. The lack of reliable 
information on the price policy for alternative small 
grains on the world market prevents foreseeing the 
importance of research in alternative small grains, but 
they still possess high potential for use in various 
fields (animal husbandry, healthy food, ecology, mic-
robiotics, etc.). Improvement of small grains proces-
sing has great potential primarily in increasing quality 
of raw materials, improvement of processing equip-
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ment and quality of final products, which would signi-
ficantly affect the commercial sector (new products, 
new processing methods, expanding the range of 
small grain products, etc.). 
The term lipids implies fats and fat-like sub-
stances usually contained in flour in concentrations of 
about 1.5-2.5%. In recent years, increasing impor-
tance is given to the presence of lipids in testing, and 
testing in this direction has been rather intense. Al-
though they are present in small quantities, lipids play 
an important part in creating physical properties of 
testing and to a large extent have a positive influence 
on the technological quality of flour [1-4]. They affect 
surface properties of starch grains, improve interac-
tion between starch and gluten and affect testing de-
velopment [5]. Lipids are also necessary for physio-
logical functions such as fat-soluble vitamin absorp-
tion and hormone and eicosanoid synthesis. 
Wheat flour lipids contain 30-35% of tryglyce-
rides, 15-20% of mono- and diglycerides, 5-10% of 
free fatty acids, about 25% of phospholipids and 
about 15% of glycolipids. In terms of solubility in diffe-
rent solvents, flour contains free and bound lipids. 
Free lipids are, due to their polar nature, easily and 
quickly extracted by non-polar solvents (petroleum 
ether, diethylether, acetone, hexane, etc.), whereas 
bound lipids (with proteins and partially with starch) Đ.N. VUJIĆ et al.: PERFORMANCE OF GC-MS ANALYSIS FOR DIFFERENTIATION…  CI&CEQ 18 (4) 555−561 (2012) 
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can be extracted fully or partially with polar solvents, 
i.e., their mixtures (n-butanol/water, water/ethanol/   
/ether and other). 
On the other hand, lipids may be divided into 
polar and non-polar. Polar lipids are those lipids 
which, in addition to a lipophilic, also contain a hydro-
phylic group. The study showed that the technological 
quality of flour is actually favourably influenced by 
polar lipids, whereas non-polar, if they are the only 
one present, produce an adverse effect. If testing con-
tains both polar and non-polar lipids, the adverse ef-
fect of non-polar lipids is eliminated. Flour lipids thus 
contain about 45% of non-polar and about 55% of po-
lar lipids, out of which ¾ are bound polar, and about 
¼ are free polar lipids. Most free lipids are non-polar 
lipids which predominantly consist of neutral triglyce-
rides, diglycerides and monoglycerides. These are 
the compounds in which one, two or three –OH groups 
of glycerols are esterified with fatty acids (linoleic, 
oleic, palmitic and linolenic acid). Free fatty acids and 
monoglycerides, and their derivatives, can build com-
plexes with helical amylose. In this manner, monogly-
cerides affect the properties of dough and bread and 
have a favourable effect on preservation of freshness 
of bread. A monoglyceride additive increases gelatini-
sation temperature and reduces amylose swelling and 
pouring out of starch grains, which, consequently, in-
creases solubilisation and strain of starch grains to 
the temperature above 85 °C[6]. 
In terms of polar lipids, special importance is 
given to glycolipids and phospholipids. Glycolipids 
and phospholipids also bond with protein and starch, 
and lack of polar lipids may cause deterioration of the 
technological quality of flour and products quality. The 
fatty acids and other minor components of wheat and 
wheat products have been studied by many [7-10]. 
The purpose of this study is to determine the 
possibility of differentiation of types of flour by creat-
ing dendrograms of liposoluble extracts. The following 
spices of small grains have been analysed: 7 types of 
winter wheat (Simonida, Dragana, NS-40S, Pobeda, 
Ljiljana, Zvezdana and Arija), 1 type of titricale (Odi-
sej) and 2 types of winter barley NS-565 (two-row and 
malting barley) and Nonius (multiple-row, animal 
feeding barley). 
EXPERIMENTAL 
Sample preparation 
About 10 g of each of the following grains were 
ground: Simonida, Dragana, NS-40S, Pobeda, Lji-
ljana, Zvezdana, Arija, Odisej, NS-565 and Nonius. 
Each sample was homogenised and further 
treated in the following manner. A 12 mL cuvette for 
centrifugation was used for pouring 0.5 g of flour with 
the precision of 0.01 g. The cuvette was additionally 
filled with 5 mL of n-hexane and mixed by vortex stir-
ring for 2 min, after which the mixture was centri-
fugated at 2000 rotations/min for five minutes. After 
this, 3 mL of clear supernatant was poured into a 10 
mL glass and left to steam upon the ambient tem-
perature. An amount of 10 µL was taken from the oily 
residue, reconstituted to 400 µL of methanol, followed 
by the addition of100 µL of transesterification reagent: 
TMSH (trimethylsulfoniumhydroxide, 0.2 M in metha-
nol, Macherey-Nagel). In such a transesterification re-
action, fatty acids from acilglycerol esterify to methyl 
esters. 
All the testing was conducted on a gas-chroma-
tography system. 
The GC–MS analyses were performed on an 
Agilent Technologies 7890 instrument coupled with 
MSD 5975 equipment (Agilent Technologies, Palo 
Alto, CA, USA) operating in EI mode at 70 eV. A DP-5 
MS column (30 m×0.25 mm×25 μm) was used. The 
temperature programme was: 50-130 °C at 30 °C/ min 
and 130–300 °C at 10 °C/min. The injector tempera-
ture was 250 °C. The flow rate of the carrier gas (he-
lium) was 0.8 mL/min. A split ratio of 1:50 was used 
for the injection of 1 μl of the solutions. 
RESULTS AND DISCUSSION 
Figure 1 shows one chromatogram of a wheat 
sample Arija from 6 to 21.60 min. Similar chromato-
grams are also obtained for other samples. The peak 
integration showed a ratio of components areas1:150.  
The recorded chromatograms clearly indicate 
three fields (Figure 1). The first field contains minor 
components which are visible by the twelfth minute on 
the chromatogram, which is the same in its com-
position in all samples (Figure 2 and Table 1). 
In this part of the chromatogram, two out of se-
ven components are not identified. The integrated 
surface of these components’ peaks has the same 
value as other components, which is why they are 
included in the calculation of a correlation. Diiso-
butylphthalate originates from plastic extensions of a 
transfer pipette. 
The profile of fatty acids of analysed small 
grains was the same in all samples. The following 
fatty acids have been identified in the form of methyl 
esters: palmitic acid, oleic acid and linoleic acid. The 
retention time of these methyl esters occurs in the 
interval from the twelfth to the fourteenth minute (Fi-
gure 1, vertical ellipse). Fatty acids, i.e., their methyl-
esters make up about 90% of the integrated surface 
of the chromatogram. They originate only from non-Đ.N. VUJIĆ et al.: PERFORMANCE OF GC-MS ANALYSIS FOR DIFFERENTIATION…  CI&CEQ 18 (4) 555−561 (2012) 
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polar lipids. Chromatogram of methyl-esters of fatty 
acids is presented in Figure 3. 
Table 2 presents retention time of components 
of the chromatogram part presented in Figure 3. 
The third part, which starts from the fourteenth 
minute (Figure 1, the right ellipse), is presented in 
more details in Figure 4. 
The chromatogram of the wheat sample Arija 
after the fourteenth minute contains eighteen com-
pounds which have been identified and integrated 
(Table 3). For the purpose of easy reference to the 
chromatogram, only thirteen integrated compounds 
have been presented. The most intensive peak in Fi-
gure 4 (retention time 17.701 min) is bis(2-ethylhexyl) 
 
Figure 1. Chromatogram of the sample Arija. Ellipses marks three fields of chromatogram. 
 
Figure 2. Chromatogram by the twelfth minute of the sample Arija with seven components. 
Table 1. Retention time (Rt) of components by the twelfth minute 
Component  Rt / min 
2,4-Decadienal (isomer)  5.478 
2,4-Decadienal (isomer)  5.720 
Unknown  10.054 
Tetradecanoic acid, methyl ester  10.178 
Pentadecanoic acid, methyl ester  11.233 
Diisobutylphthalate (not included in the statistics)  11.740 
Unknown  12.048 
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phthalate and it originates from instruments used in 
sample preparation, therefore, it was not included in 
the statistics. 
Generally, in all ten types of small grains, great 
similarity in the composition of lipophilic components 
was identified. 
The purpose of the study was not to identify oil 
components, but to compare presence of components 
in samples of oil from flour of ten types of small 
grains. Cluster analysis was used for the comparison 
of the samples. We used single linkage algorithm and 
similarity measure type of correlation [11]. Figures 
5-7 show three separate dendrograms of Pearson’s 
correlation of ten different types of small grains. The 
correlation coefficient is shown on the ordinate (Y-
axis). 
 
Figure 3.Chromatogram from the twelfth to the fourteenth minute of the sample Arija with four components. 
Table 2. Retention time (Rt) of components from the twelfth to the fourteenth minute in Figure 3 
Component  Rt / min 
Hexadecanoic acid, methyl ester; methyl palmitate  12.250 
Hexadecanoic acid; palmitinic acid  12.587 
9,12-Octadecadienoic acid, methyl ester; methyl linoleate  13.885 
9-Octadecenoic acid, methyl ester; methyl oleate  13.931 
 
Figure 4. Chromatogram of non-saponificable part of oil (from 14.06 to 21.6 min) of the sample Arija. Đ.N. VUJIĆ et al.: PERFORMANCE OF GC-MS ANALYSIS FOR DIFFERENTIATION…  CI&CEQ 18 (4) 555−561 (2012) 
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The dendrograms of Pearson’s correlation of ten 
different types of small grains (correlation coefficient 
is on the Y-axis) show that the similarity in the compo-
sition of lipopholic substances of different types of 
small grains (components listed in Table 1) is signi-
ficant (r > 0.9975; Figure 5). 
Table 3. Retention time (Rt) of components from the fourteenth minute in Figure 4 
Component  Rt / min 
Octadecanoic acid, methyl ester; methyl stearate   14.148 
9,12-Octadecadienoic acid; linoleic acid  14.232 
n-Docosane  14.783 
n-Tricosane  15.643 
Eicosenoic acid, methyl ester  15.690 
Eicosanoic acid, methyl ester  15.894 
n-Tetracosane  16.466 
n-Pentacosane  17.263 
Docosanoic acid, methyl ester  17.502 
Bis(2-ethylhexyl) phtalate   (not included in the statistics)  17.701 
n-Hexacosane  18.024 
n-Heptacosane  18.762 
Tetracosanoic acid, methyl ester  19.000 
n-Octacosane  19.468 
Stygmasterol, 22,23-didehydro  19.533 
24-methyl-25-homocholesterol 19.565 
Hexacosanoic acid, methyl ester; cerotic acid methyl ester  20.397 
beta -Tocopherol  21.230 
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Figure 5. Dendrogram of components correlations from Table 1 of different types of small grains 
(the first ellipse of the chromatogram presented in Figure 1). Đ.N. VUJIĆ et al.: PERFORMANCE OF GC-MS ANALYSIS FOR DIFFERENTIATION…  CI&CEQ 18 (4) 555−561 (2012) 
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Similarity in the composition of dominant fatty 
acids of ten different types of small grains (compo-
nents listed in Table 2) is also considerable (r  > 
0.9987; Figure 6).  
The largest differentiation of types of flour show 
components with retention time from 14.00 to 21.6 min 
(components listed in Table 3) (r > 0.6400; Figure 7). 
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Figure 6. Dendrogram of components correlations from Table 2 of different types of small grains 
(the second ellipse of the chromatogram presented in Figure 1). 
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Figure 7. Dendrogram of components correlations of different types of small grains – chromatogram 
(the third ellipse of the chromatogram presented in Figure 1). Đ.N. VUJIĆ et al.: PERFORMANCE OF GC-MS ANALYSIS FOR DIFFERENTIATION…  CI&CEQ 18 (4) 555−561 (2012) 
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Generally speaking, this differentiation applies 
only to liposoluble components, and not to the biolo-
gical origin of flour. 
CONCLUSION 
This studyhas shown that itis possible to com-
pare types of plants against the content of lipids with 
GC-MS chromatography and correlation analysis. The 
GC-MC analysis allows elimination of compounds 
(peaks) which do not have a biological origin or origin 
specific for analysed samples. 
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NAUČNI RAD 
   PRIMENA GASNE HROMATOGRAFIJE SA 
MASENOM SPEKTROMETRIJOM ZA 
DIFERENCIJACIJU RAZLIČITIH TIPOVA 
BRAŠNA, FORMIRANJEM DENDROGRAMA 
LIPOSOLUBILNOG EKSTRAKTA 
Za kvalitativnu analizu liposolubilnih ekstrakata različitih vrsta strnih žita (hlebna pšenica, 
ječam i tritikale), korišćena je gasna hromatografija sa masenom spektrometrijom. Re-
zultati pokazuju da je sastav dominantnih metil-estara masnih kiselina isti kod svih uzo-
raka, ali je njihova zastupljenost različita. Reagens za transesterifikaciju je bio TMSH 
(0,2 M rastvor trimetilsulfonijum-hidroksida u metanolu). Reakcijom transesterifikacije 
masne kiseline su iz acilglicerola esterifikovane u metil-estre. U svim analiziranim ekst-
raktima najzastupljeniji je metil-linoleat, zatim slede metil-palmitat, metil-oleat i metil-
stearat. Za poređenje liposolubilnih ekstrakata strnih žita korišćena je klaster analiza. 
Ključne reči: strna žita, gasna hromatografija sa masenom spektrometrijom, 
korelacija liposolubilnih komponenata. 
 
 